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The Acquisition of Procedures from Text:
A Production-System Analysis of Transfer of Training
David E. Kieras & Susan Bovair

Quite often people must 1learn procedures from written
instructions. In the context of the currently developing
theory of procedural knowledge and cognitive skill (Anderson,
1982), this task must involve the formation of production rules
from the information available in text. This process has not
been systematically explored; the results reported here provide
an initial characterization. Two general conclusions follow
from this work. The first is that a production rule
representation can provide a very precise characterization of the
relative difficulty of learning a set of related procedures. The
second is that apparently there are powerful comprehension-like
processes that operate very early in learning on declarative
representations of production rules. This supplements Anderson's
(1982) description of the acquisition of skill, in that many of
the important processes involved in learning a procedure can take
place before a procedural representation has been formed.

The approach was to have subjects 1learn procedures for
operating a simple piece of equipment by reading step-by-step
instructions. By measuring the reading time on individual steps,
and tne accuracy of execution of the procedure, it is possible to
track the acquisition of individual production rules. Since the
procedures are related, some transfer of training is possible
from procedures 1learned earlier. The key result is that this
transfer is predicted very well from the similarities between the
production system representations for the procedures.

DESCRIPTION OF THE TASK

The subjects learned series of procedures for how to operate
a device <consisting of a simple control panel. The goal of
operating the device was to get a certain indicator 1light to

flash. Note +that +this was a rote 1learning situation; the
internal organization of the device was not taught to the
subjects. Each procedure consisted of several steps, as

illustrated in the step-by-step instructions in Tables 1 and 2.
Table 1 is the procedure for a "normal" situation, in which the
device is operating properly. Table 2 is the procedure for a
"malfunction" situation, in which some internal component of the

device was not operating. Depending on the nature of the
malfunction, the device either could be made <+to work by an
alternate procedure, or could not. The final step 1in each
procedure was to signal success or failure in getting the device
to work.
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Table 1
Example of a Normal Procedure

If the command is to do the MA procedure, then do the following:
Step 1. Turn the SP switch to ON.

Step 2. Set the ES selector to MA.

Step 5. Press the FM button, and then release it.

Step 4. 1f the PF indicator flashes,
then notice that the operation is successful.

Step 5. When the PF indicator stops flashing, set the ES selector
to N.

Step 6. Turn the SP switch to OFF.

Step 7. If the operation was successful,
then type "S" for success.

Step 8. Procedure is finished.

—— s > o — " -~ " — A " —— T — - —— — ——— ———— — — ——— —— — > ——— —— = i
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Table 2
Example of a Malfunction Procedure

[f the command is to do the MA procedure, then do the following:

Step 1. Turn the SP switch to ON.

Step
Step

Step

Step

Step
Step

Step

Step
Step

Step

2.
3.

Set the ES selector to MA.
Press the M button, and then release it.

If the PF indicator does not flash,
then notice that there is a malfunction.

If the EB indicator is on, and the MA indicator is off,
then notice that the malfunction might be compensated
for.

Set the ES selector to SA.

Press the F3 button, and then release it.

If the PP indicator does not flash,

then notice that the malfunction can not be compensated
for.

Set the ES selector to N.

Turn the SP switch to OFF.

If the malfunction could not be compensated for,
then type "N" for not compensated.

Procedure is finished.

M e N 4 vn
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The Control-Panel Device

The device used in this experiment was the same as that used
in Kieras & Bovair (1984), in which the major manipulation was
whether subjects were ‘%taught a mental model for the internal
organization and structure of the device. In this experiment,
subjects only 1learned the device by rote. The mental model is
included here only to explain the behavior of the device, and the
rationale for the choice of procedures to Dbe taught to the
subjects.

The device is a slope-front box with a simple front panel,
shown in PFigure 1, consisting of four controls, and four
indicator lights. A laboratory computer detects the positions
of the controls and turns the indicator lights on and off. The -
four controls consist of a toggle switch (SP), a three-position h
selector (ESS), and two push-buttons (FM and FS). The four
indicator lights are labeled SPI, EBI, MAI, and PFI. The labels .
are based on the mnental model used in Kieras and Bovair (1984).

L"_§ W OU USRS WL | § L P
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"The behavior of the device can most easily be described )
in terms of +the diagram shown in Figure 2, which was used 4
in the mental model experiments. Power flows through the :
device from left to right, controlled by the switches, and also
affected by the state of the imaginary internal components, shown

as boxes in the diagram. If a component is not functioning
correctly, then power cannot flow through it and the device
nalfunctions. There are four components, EB, MA, SA, and
PB.

The 3P switch is the on/off switch device and the SP
indicator is the pilot 1light. The other indicators are status
lights for the associated components. Thus, if the power switch
is on, the EB indicator will be on if the EB component is good,
and off if the EB component is Dbad. Note that there is no
indicator associated with the SA component.

Power flows +to the PB component when the ESS selector is
set to either MA or 5A, and the corresponding button 1is pushed
(FM for ©ESS-MA, FS for ESS-SA). When the PB component receives
power, the PF indicator flashes four +times and then stops until
thie  button is released and pushed again. Whether these
combinations of control settings will work depends on the l
status of the components in the obvious way. For example, if the
MA is bad, then the MA indicator will not be 1it, and the ESS-MA,

FM combination will not flash the PF indicator. If the EB or the ]

PB is bad, then the PF indicator cannot be flashed because power
H cannot reach it, no matter how the controls are set. i
)}




- - = m = = m e wwwm . omT owa Wy

TR T N R T Y TN T R T R T Wy iy et e =i e e e . R e ——

5
EB Indicator MA Indicator
@
PF Indicator ‘
SP Indicator o MA :
@ ‘ o SA ;
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Figure 1. The control panel device. (
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~ Figure 2. The simulated internal structure of the
" device, not known to subjects.
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Although there are sixteen possible states that the device
can be in, only six of these can be distinguished in terms of the
behavior of the device. For example, 1if the EB component
15 bad, then the status of the other components is irrelevant
because the pattern of indicator lights will be the same in all
cases. These distinguishable states are shown in Table 3,
which shows for each state of the device what indicator lights
will come on, and which settings will make +the PF indicator
flash. The states are labeled by the defective component label
prefixed with X; for example, XMA means that the MA component is
defective. While knowledge of the internal structure of the
device, and component status for each malfunction, makes it easy
to understand the behavior of the device, it is important to note
that this information is not provided +to the subjects in the
2xperiment.

Table 3
Possible States of Control Panel Device.
Label Sub-device Status of PFI flash on PFI flash on
status EBI, MAI MA procedure SA procedure
HORMATL \11 good Both on yes yes
ABB EB bad, Both off no no
others any
MA MA only bad, 3BI on, no yes
others good MAL off
K3A SA only bad, Both on yes no
others good
APB PB bad, EB Both on no no
+nd MA good,
L i any
AMA-XCA A bad, EB iBI on, no no
good, PB or IAL off

SA or both bad

s e o~ ———————— ——— ——— —— —— — —_———— ———— ————— —— —— —— g — ————— " " ——
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Operating Procedures

There are a total of twelve procedures that could be used to
operate the device in its six possible states, six where the MA
- setting of the EB8S 1is tried first, and six in which the SA is
ol first. 1In the experiment, the subject was commanded to do either
Fiu the MA procedure or the ©SA procedure, where these commands
referred to which ESS setting was to be tried first. Of the

T twelve possible procedures, the PF indicator can be made to flash
.- in six (NORMAL, XMA, and XSA). It was decided that the

K definition of a malfunction should be that the first settings !
tried would not work, and so SA-XMA and MA-XSA were not included, J
leaving a total of +ten procedures; two normal and eight
malfunction procedures. The procedure steps are listed in Table
4. Tables ' and 2 give examples of the step-by-step instructions
for a normal and a malfunction procedure.

Table 4
Procedures Used to Operate Control Panel Device.

——— o = . — . - — . . — ——— . —— — —_ W — . —— . A —— T S — " — W —— —————— - =

MA procedurces

MA-NORMAL MA-XEB JA-XPB MA-XMA MA-XMA-XSA
(1) SP on (1) SP on (1) SP on (1)SP on (1)SP on
(2) ESS-MA (2) ESS-MA (2) ESS-MA (2) ESS-MA (2) ESS-MA
(3) FM push (3) FM push (3) FM push (3) FM push (3) FM push
(4) ESS-N  (4) ESS-N  (4) ESS-N (4) ESS-SA (4) ESS-SA
(5) SP off (5) SP off (5) SP off (5) Fs push (5) FS push
(6) Tap "S" (6) Tap "N" (6) Tap "N" (6) ESS-N (6) ESS-N
(7) SP off (7) SP off
(8) Tap ngn (8) Tap UBNAL
- SA procedures
- 5A-NORMAL 3A-XEB SA-XMA-XSA SA-XSA SA-XPB
e e e
® A
L (1) SP on (1) SP on (1) SP on (1) SP on (1) SP on
o (2) ESS-SA (2) ESS-SA (2) ESS-SA (2) EsSS-SA (2) ESS-SA
Lo (3) FS push (3) FS push (3) PS push (3) FS push (3) FS push
ol (4) E35-8  (4) ESS-N  (4) ESS-N (4) ESS-MA (4) ESsS-MA
- (95) P off {5, SP off (5) SP off (5) FM push  (5) FM push
® {6, map "5" (6) Tap "N" (6) Tap "N"  (6) ESS-N (6) ESS-N
{ (7) SP off (7) SP off
(8) Tap "S" (8) Tap "N"

- - — > . ——— ————— —— - ——— - — - - . - — ———— —— - -~
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The elght malfunction procedures <can be divided into two
types. The first 1is those in which the first ESS setting
tried does not work, and the alternate setting might work,
depending on the malfunction state. These were termed possibly
compensatable malfunctions. In the second +type, the alternate
setting will not work, and so need not be tried. These were
termed non-compensatable malfunctions. For example, the XEB
state is a non-compensatable malfunction for either the MA or the
SA  command, and +the MA-XMA and SA-XSA states are possibly
compensatable malfunctions. This distinction was presented to
the subjects as part of the overall instructions, to rationaligze
the details of the procedures.

THEORETICAL ANALYSIS

Transfer Effects

In earlier work with +this device (see Kieras and Bovair,
1983) it was noticed that the +time required to 1learn the
procedures under rote conditions varied over a very wide range.
Training times for the rote-learning subjects are shown in Figure
%, which shows the truining +time for each procedure in the
order that they were learned. Note that the order of procedures
was fixed, rather than randomized, as would traditionally be
done. MNote that rather than being a smooth descending learning
curve, there are large peaks for the times of the third, fifth,
and ninth procedures. Th2: number of steps in each procedure does
not explain this pattern, because while the number of steps does
vary for different procedures, the difference is not very large,
and is frequently in the wrong direction. For example, procedure
5 nas 8 steps, which is more than procedures 3% and 4 with 7 each,
but procedure 6 has 9 steps. Rather, the pattern could be
explained by the fact that the first procedure contains all new
informantion, the second (the other normal procedure) contains
only =2 little new information, the +third (the first malfunction
procedure) contains some new information, the fourth (the second
malfunction procedure) very 1little, and +the fifth (the first
possibly compensatable malfunction) quite a lot.
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These data then suggest that the amount of new information
in a procedure is a plausible candidate for a predictor of
training time, but it 1is not well-defined. Transforming the
instructions into production rules could provide =2 precise
characterization of what is to be 1learned, thus it could be
determined which rules could be transferred, resulting in a
quantitative measure of the amount of new information, namely,
the number of new production rules that must be learned.

Production Rule Representation

Table 5 provides an example production rule set for the
procedure i1 Table 1. The syntax of these rules is very simple.
Bach rule is in the form:

(Label IPF (condition) THEN (action)).

(o ibe g 4
P
Sl A

3 The production system's working memory contains the GOALS to be
:j nccomplished, and NOTES, which consist of non-goal items
" concerning current processes, the environment, or specifications
.- of the tasks to be accomplished. See Kieras and Polson (in
- press) for a full description of the production system notation,
along with a description of the user~device interaction
simulation that was wused +to test the production rules for
accuracy.

A set of production rules was written for each procedure
used in the Figure 3 experiment, and tested in the user/device
interaction simulation to check for accuracy and completeness.
Writing the production rules was done using a computer text
editor, and it became obvious that once the first set of rules
was generated, then subsequent sets could be generated easily by
copying the first set, doing a few substitutions, and adding a
few rules when necessary. By analogy, the transfer process could
consist of recognizing which new rules are identical to
previously learned rules, which are extremely similar to existing
rules, and which are totally new. The subject could then spend
g most of the training +time acquiring +the new rules, and merely
- "tagging" existing rules as applying to the new situation.
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Table 5
Example of Production Rules

. ——— — — — — — — - — —— > D D - T — — — T — Y " — — — —— - — — —  — —— — " —— — N — ——— — —— -

(MA-N-START

IF (AND (TEST-GOAL DO MA PROCEDURE)
(NOT (TEST-GOAL DO ??? STEP)))

THEN ((ADD-GOAL DO SP-ON STEP)) )

(MA-N-SP-ON
IF (AND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO SP-ON STEP))
THEN ({OPERATE-CONTROL *3P ON)
(WAIT-FOR-DEVICE)
(DELETE-GOAL DO SP-ON STEP)
(ADD-GOAL DO ES-SELECT STEP)) ) i
3

% v .

(MA-N-ES-SHLECT
1P (AND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO ES-SELECT STEP)) :
THEN ((OPERATE~CONTROL *ESS MA)
(WAIT-FOR-DEVICE)
(DELETE-GOAL DO ES-SELECT STEP)
(ADD-GOAL DO FM-PUSH STEP)) )

(MA-N-FM-PUSH
I# (AND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO FM-PUSH STEP))

THEN ((OPERATE-CONTROL *FM PUSH)
(WAI?-FOR-DEVICE)
(OPERATE~CONTROL *FM RELEASED)
(DELETE-GOAL DO FM-PUSH STEP)
(ADD-GOAL DO PFI-CHECK STEP)) )

ey v e e . e
i _14“4;\‘_.-1

(MA-N-PFI-CHECK
[F (AND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO PFI-CHECK STEP)
(LOOK *PFI1 FLASHING))
THEN ({ADD-NOTE OPERATION SUCCESSFUL)
. DELETE-GOAL DO PFI-CHECK STEP)
(ADD-}OAL DO ES-N STEP)) )
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Table 5 (Continued)

o —— ——— - - D . > ———— . . W b - — T — —— —— . —— ——— — S — - ———— T — —

(MA-N-ES-N

IF (AND (TES?-GOAL DO MA PROCEDURE)
(TEST-GOAL DO ES-N STEP)
(LOOK *PFI OFF))

THEN ( (OPERATE-CONTROL *ESS N)
(WAIT-FOR-DEVICE)
ZDELETE-GOAL DO ES-N STEP)
(ADD-GOAL DO SP-OFF STEP)) )

(MA-N-SP-OFF
[F (AND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO SP-OFF STEP))
THEN ((OPERATE-CONTROL *SP OFF)
(WAIT-FOR-DEVICE)
éDELETE-GOAL DO SP-OFF STEP)
ADD-GOAL DO TAP STEP)) )

(MA=N-TAP
IF (AND {T3ST-GOAL DO MA PROCEDURE)
(T 3ST-GOAL DO TAP STEP)
(T1ST-NOTE OPERATION SUCCESSFUL))
THEN ((DELETE-WOTE OPERATION SUCCESSFUL)
{ADD-NOTE TYPE S-FOR SUCCESS)
(DELETE-GOAL DO TAP STEP)
{ ADD-GOAL DO FINISH STEP)) )

(MA-N-FINISHED
IF (AND (TEST-GOAL DO MA PROCEDURE)
(TEST-GOAL DO FINISH STEP)
(TEST-NOTE TYPE S-FOR SUCCESS))
THEN {((DELETE-NOTE TYPE S-FOR SUCCESS)
( DELETE-GOAL DO FINISH STEP)
(DELETE-GOAL DO MA PROCEDURE)) )

—— - - ——— . ———— . — . ———— — —— - — - ————— T — —— - e iR T ——
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"wo basic transfer rules were defined: identity (from

copying), and  generalization (a form of substitution).
Production rules cun be considered identical if they have the
same conditions and the same actions. The original definition
of the generalization transfer rule was: if rules have the same
actions, and only one point of difference in their conditions, |
then the rules could be generalized. This was done by replacing |
the differing point with a "wild-card" that matches any value.
Thus, if the only point of difference between two rules was that |
one had the condition clause (TEST-GCAL DO MA PROCEDURE), and the |
other had (TEST-GOAL DO SA PROCEDURE;, then this clause could be
replaced by (TEST-GOAL DO ??? PKOCEDURE), where "???" is a
wild-card that will match any 1item in that position. This
version of the generalization transfer rule was later modified as
described below.

When these trunsfer rules were applied to the production
rules for the procedure training order shown in PFigure 3, the
nunber of new rules that needed +to be added for each procedure
was determined. The assumption 1is +that the only rules that
require substantial effort to learn are the completely new ones;
the 1identical and generalizable rules should be very easy to
learn, since all or almost all of their content is already known.
Thus, the number of new rules in a procedure should be closely
related to the difficulty of learning the procedure. In these
data, the number of new rules in a procedure accounts for 79% of
the variance among the mean truining times for the 10 procedures,
supporting the value of +the production system analysis of
transfer in the learning of procedures. However, this result was
based on only ten data points, and so is no more than suggestive.

EXPERIMENT
r.
ﬂ; By using three different +training orders, +this study was
- designed to get a more comprehensive set of data on the relation
’i of tne production rule representation to transfer of training.

The three different training orders were chosen by analyzing the
production rule sets for each procedure using a transfer process
simulation program, described below, and selecting +training

%2 orders that produced substantial variation in the number of new
" rules in each procedure, and also the number of new rules in each
) serial position in the training order.
N
!
- Querview ‘-

Each subject learned a series of 10 procedures in a fixed
order. There were three different orders, chosen as described
o5 below, with a separate group of subjects for each order.
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To learn each procedure, the subjects first read a set
of step-by-step instructions for the procedure, such as those
in Tables 1t and 2, and then attempted to execute the procedure
on the device. If they made an error, they were immediately
informed, and tnen began to read the instructions again. They
were required to execute the procedure correctly three times
in a row before proceding to the next procedure. The data
recorded were the reading time on each step of the instructions,
the accuracy of each step while executing the procedure, and the
speed and accuracy of a final retention test, which will not
be discussed in this report.

Method

Transfer Simulation. A simulation program was written in
LISP that could perform the transfer processes automatically.
The program (COMBINE-HARVEST) can be given a set of production
rules for 4 procedure which it then examines for possible
transfer with the set of rules already known. It generates a new
set of rules, and also reports on the number of rules considered
identical to existing rules, the number that could be generalized
with existing rules, and the number of new rules added. The
output from COMBINE-HARVEST was tested in the user-device
interaction simulation to check that a proper rule set was
generated, that is, it followed the correct procedure in any
given situation.

The program's generalization criteria were modified slightly
from the original definition; some of +these modifications were
aore restrictive than the original, while some extended the
definition. The new generalization rule for transfer
specifically excluded certain types of clauses from the
generalization process. These are: clauses that sequence the
firing of rules (e.g., goals of the form DO STEP X), clauses that
look for a particular configuration of indicator lights on the
device. and clauses that operate controls on the device. These
changes in the generalization criteria mean that, in practice,
only operations on notes and goals can be generalized. The new
deneralization rule was extended so that it could generalize more
than one clause in the condition, and could also generalize the
equivalent clauses in the action part of the production rule.

The program this would generate the number of new rules
required for each procedure. Different orders of procedures
produced very different patterns of the number of new rules, both
in terms of +the serial position in the sequence, and when
comparing particular procedures in different orders. Depending

on the order in which it was processed, different training times
would be predicted for the same procedure.
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Praining Order Conditions. Three different training orders
were gselected for the experiment that would maximize the
predicted training time differences. Either a procedure would
have different predicted +raining times ©because there were a
different number of new rules to be acquired, or if the number of
new rules was the same, then the procedure would be in a
different position in terms of the order of learning. It was not
possible to maximize these differences for all the procedures,
but it was done for as many as possible. These different orders
11s0 produced different numbers of rules accepted by the transfer
process as identical ore generalized, because it seemed likely
that recognizing identity could Dbe a faster process than
generalization. The training orders were therefore chosen to
produce different values for the number of identical rules, and
the number of generalized rules. A final constraint on the
tra2ining orders were that they should be, 1in some sense,
meaningful orders.

, RN o
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The selected training orders are shown in Table 6. In
training order condition 1, the order is: all the MA procedures
first, then the SA procedures. Within +this division, normal
procedures are first, not-compensatable malfunctions second, and
possibly compensatable malfunctions last. Training order
condition 2 is based on the idea that once the longest procedures
are learned, the shorter procedures should be 1learned
comparatively easily. Thus, the order for +training order
condition 2 is: possibly compensatable malfunctions first,
non-compensatable malfunctions second, and normal procedures
last, and within these groups MA procedures are presented before
SA. The c(rder of training order condition 3 is on the principle
of underlying causes, even though subjects have no information on
these causes. Thus +the order 1is normal procedures first, then
XEB malfunctions, then XPB malfunctions, then the XMA and the XSA
pair, and finally the +two XMA-~XSA malfunctions. Within these
pairings S5A procedures came before MA procedures. This order is
quite different from the other two in that orders 1 and 2 are
based on the procedures themselves, actions carried out by the
subject, while +training order condition 3 is based on the
behavior of the device.

Instruction Materials. A set of step-by-step instructions
were prepared for each procedure; examples appear in Tables
1 and 2. These were prepuared so .that each sentence in the
instructions appeared to correspond to a single production
rule, one for each step or action (internal or external) involved
in the procedure, and care was taken that these steps
corresponded to the production rule sets themselves, as
illustrated by the correspondence between Tables 1 and 5 for the
corresponding steps in the different procedures.

.................................
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Table 6
Number of New Production Rules
for Each Training Order Condition
""""""""""" Training Order Conditions
T > 3
Serial Name New rules  Name New rules  Name Hew rules
Position added added added
1. MA-NORMAL 9 MA-XMA 13 SA-NORMAL 9
2. MA-XEB 5 MA-XMA-X3SA 4 MA-NORMAL 2
5. MA-XPB 1 SA-XSA 5 SA-XEB 5
4. MA-XMA-XSA 4 SA-XPB 0 MA-XEB 0
5. MA-XMA 2 MA-XEB 1 SA-XPB 4
6. SA-NORMAL 2 MA-XPB 1 MA-XPB 1
7. SA-XEB 0 SA-XEB 0 MA-XMA 5
8. SA-XMA-XSA 1 SA-XMA-XSA 1 SA-XSA 0
9. DSA-XBA 3 MA-NORMAL 2 SA-XMA-XSA 1
10. SA-XPB 0 SA-NORMAL O MA-XMA-XSA O

> . — - . ——— — - . —— —— —— — —_— - ———— N — ————— —— . W~ — i ————
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Apparatus. The device consisted of an actual physical
control panel connected to a laboratory computer, which monitored
the settings of the switches and push buttons and controlled the
indicator lights accordingly. All instructions and commands to
the subjects were presented on a standard video terminal
positioned next +to the device. A computer-assisted instruction
facility was used to present all of the procedure training and
the retention tests. The subject was seated in a small room at a
table with the terminal and the control panel, and was observed
by means of a video camera and monitor.

Subjects. Subjects were recruited through campus
advertisements and were paid 35 for their participation.
Subjects were randomly assigned to each of the three training
order conditions. A total of 70 subjects participated in the
experiment. Ten subjects' data was discarded, leaving a total of
60 subjects, with 20 subjects in each condition. Of the 10
subjects whose data was discarded, two final subjects were
discarded because their data was not needed, three subjects did
not finish the training part of the experiment, one subject was
discarded because of a fire alarm during the experiment, and the
first four subjects were not used Dbecause the experimental
software required changes.

Design. Training order condition was a between-subjects
factor, with each subject randomly assigned to one of the three
training order conditions, subject to +the constraint that
approximately equal numbers were maintained 1in the three
conditions. ©FEach subject learned all 10 procedures in all three
conditions. BSubjects were also assigned by gender, so that there
would be an equal number of males and females in each condition.

Instru:tions and  Procedure. The first part of the
instructions familiarized the subjects with the layout and labels
on the device. Subjects were then told that they would be

trained in several procedures for operating the device. They
were told +that the goal of operating the device was to make
the PF indicator flash. Part of their +training would include ‘
procedures to be performed 1if the device malfunctioned. They !
were told tnat for some malfunctions the PF indicator would not
flash at first, but it might be possible to change the control
settings so that it would flash. This was called compensating |
for a malfunction, and it was pointed out that some malfunctions J
could not be compensated for. The subjects were instructed that |
whenever they were asked to turn the device to the initial state ‘
that they should set the SP switch off, +the ESS selector to N,
and not push any buttons.

The training procedure consisted of alternating reading and
trying phases. In the reading phase, the subject read the
procedure =2 gingle step at a time, 1in a self-paced reading
paradign. Then in the trying phase, the subject attempted to

.......
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execute the procedure correctly. After the attempt, the subject
would return to the reading phase. This process was repeated
until the subject had completed three correct attempts in a row.
Then the subject would commence learning the next procedure.

In the reading phase, the subject would tap the space bar to
read each step on the terminal screen, which appeared as one
sentence, as illustrated in Tables 1 and 2. The previous step
was erased from the screen. Subjects were instructed to study
gach step for as long as they felt necessary. The lab computer
recorded how long the subject 1left each step on the screen,
defined as the reading time. When the subject had read all the
steps in the procedure, a command, such as "Do the MA procedure,"
would appear on the screen and the subject would then try to
perform the procedure from memory. If the subject made a mistake
while attempting the procedure, the 1lab computer immediately
sounded a Dbuzzer, as a signal to stop trying. Then the subject
was returned to the beginning of the reading phase. If the
subject performed all steps correctly, the computer sounded a
bell tone, and either returned to the beginning of the reading
phase or went on to the next procedure if the criterion had been
achieved. Throughout the procedure, the subject was prompted by
displays on the terminal screen, such as a message that they had
made nn error and were being returned to the reading phase.

Since some pilot subjects tended to 1ignore the indicators
during training, the instructions included a notice that although
it might seem wunnecessary +to pay attention to the indicator
lights during training, during the testing phase at the end of
the experiment, it would be necessary to rely on the pattern of
indicator lights to choose the corr2ct procedure.

After being +trained %$0 <criterion in all 10 procedures
subjects were instructed that they could take a short rest or
break before starting the test. They were told that they
would see each of the 10 procedures three times each in the test
in a random order. No fez2dback was given during testing.

RESULTS

The total +training time for 4 procedure is defined as
starting when a subject Dbegins the first reading of the first
sentence of the instruction steps, until completing the last step
of the last attempted execution.

The first analysis was simply to verify the presence of
gross affects of the the training order on +training time. An
analysis of variance was performed on the total training time for
each procedure 1in each training order <condition; the means are
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shown in Table 7. There were main effects of +training order
condition and procedure, and an interaction between training
order condition and procedure ( s<.05). While female subjects
were an average of ten seconds faster than males on the training,
this difference was not significant, and there are no significant
interactions of gender.

T MR e

atet .

Multiple regression analyses were performed in order to test !
the predictions from the theoretical analysis. The dependent K
variable was the total training time (TRTIME) giving 600 data
points, one for each subject on each procedure in each condition. N
The predictor variables were those derived from the production ’

rule model, the number of new productions (NEW), +the number of -
generalized production rules (GEN), and the number of identical .
or o0ld production rules (OLD). Other predictor variables

included +the subject's mean training +time for all procedures
(SMEAN) to handle the within-subject design (see Pedhazur, 1982),
the main effect of +training order (ORDER), and two dummy
variables (COND1  and COND2) +to test for a main effect of
condition, with condition 3 as the baseline. Since the first
procedure trained wusually required a disproportionately long
time, a dummy variable, FIRST, indicated whether the procedure
was the first to be trained. Two interaction variables, C1FIRST
and C2FIRST, were defined to represent +the interaction of
condition and first procedure trained.

The results of the regression analyses on the training
time =are shown in Table 8. The table shows the coefficients
in the final equation that includes all variables that entered
the stepwise analysis. The F-ratios are the "F-to-remove", and
so provide a test of significance of the coefficients in the
final equation. Finally, the standardized regression
coefficients allow comparisons of the importance of each variable
independently of scale differences. About 76% of the variance in
total training time was accounted for by the final equation.

Figure 4 shows the predicted and observed mean times and the
final regression equation. The most important predictor variable
was the number of new rules in each procedure (NEW), which alone
could account for 69% of the variance, and uniquely accounts for
about 47% of the variance. The partial and standardized
regression coefficients for NEW are substantially larger than
those for identical (OLD) rules and generalizable rules (GEN),
which are very similar.
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Table °
Mean Training Times (secs) for Bach Procedure
for the Three Training Order Conditions

— ————— ——— ———— — - —— ——— — — ——— ————————— ——— ——————— ——— — . — T —— " —— — " S

Procedure
“raining Order
Name Condition 1 Condition 2 Condition 3
MA-NORMAL 212.496 81.125 111.883%
SA-NORMAL 89.863 92.814 221.958
MA-XEB 142.058 111.907 Y8.829
MA-XPB 109.430 96.679 108.727
MA-XMA 117.012 464.089 165.727
MA-XIiA, XSA 161.478 190.291 139.679Y
SA-XEB 79.677 84.980 160.697
SA-XMA, XSA 86.568 99.644 95.250
SA-XSA 111.109 176.169 151 .41
SA-XPB 117.109 136.013 191.817
Mean 122.727 153.371 144.598
Table 8
Regression Analysis
on Total Training Time (N = 600, R2 = .7623)
Vari-iole Final Final F
Coeff. Std.Coeff.

CONSTAUT ~-132.39
SMEAH 1.00 410 389.78
NEW 19.38 .662 153.54
LD 11.82 .499 88.44
GEN 11.07 « 291 51.09
C2rLRUT 165.10 .324 125.04
RIROT 47.10 .155 16.04
JRDER -3.93% -.124 18.32

COND2 -16.51 -.085 14.86
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In addition, there were other effects, notably sone
tearalng-to-learn effects (FIR3T and ORDER), and an apparent
"ovarload" effect, C2FIRST, in which the first procedure in the
second training order condition took an extremely long amount of
time to learn beyond that predicted by the number of new
vroduztion rules. This procedure was MA-XMA, shown in Table
t, wnich 1nvolved trying the MA setting first, then the SA
s2tting. The other two orders involved only relatively simple
normul operation steps, which may have appeared obvious and
niatural. Thus, subjects in condition 2 were confronted with a
first procedure in which the first few steps apparently have no
effects. This sort of conceptual difficulty is clearly a
matter for furtner research.

Despite these other effects, however, the production system
variables provided by the transfer model explain the training
times very well; in fact, the number of new rules alone accounts
for 69» of the variance, and 1is a better predictor of training
time on a single procedure than the subjects' individual means!
Thus, by analyzing the procedures in terms of production rules,
nd  the relations between them, it 1is possible %0 account
for the difficulty of the 1learning the procedures with great
precision.

The time required to read each sentence of +the instructions
veraged over procedures, but classified by training trial
e.g., first reading, second reading, and so forth), and by the
transfer status of the corresponding production rules (014,
seneralizable, New). Figure 5 shows these means. The key
point 1is simple. There was a substantial difference in the
reading times for instruction steps depending on the transfer
status of the corresponding production rule. The reading times
for generalizable and old rules were almost identical, but
reading times for new rules were much longer for the first few
readings. A key result is  that this difference appears on the
first reading, meaning that subjects can immediately distinguish
whetner 4 sentence descrioing a step corresponds to a new rule or
to a4 kKnown ons, and 2an immediately govern their reading and
study time accordingly. The difference between reading times on
the first trial Dbetween New and Generalized 1is strongly
significant (z = 3.51, p < .01).
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Figure 5. Mean reading times for instruction sentences
as a function of reading trial and the transfer status
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A second question about the reading time is how they relate
to the acquisition of individual production rules. Figure 6
shows the reading times for individual sentences plotted in terums
of relative trial to mastery. The trial of mastery of a sentence
was defined as the reading trial after which the subject executed
the corresponding step in the procedure correctly for all trials
thereafter. The figure shows the mean reading times for
sentences classified by whether the corresponding production rule
was new, generalized, or identical.

These data were subjected to a fairly complex regression
analysis, summarized in Table 9, in order to determine the
significance of the apparant effects. In terms of nuisance
variables, the reading time depends on the subject's mean and the
number of WORDS in the sentence, and there is a simple main

.- effect of relative trial number (RELTRL), corresponding to the
. . overall downward trend. There 1is an apparent practice effect,
= because sentences whose steps are mastered later, as shown by
{ﬁ larger values of MABTRL, are read for less time. The key results

B are: NEW sentences are read longer than Identical or

Generalizable, which are almost the same; sentences Dbefore
mastery, BEFMAS, are read 1longer than after; and the effect is
mostly due to the New sentences, as shown by the interaction
variable BMNEW. Thus, consistent with Figure 5, sentences
that state new rules are studied until the corresponding rules
are mastered, whereupon they are studied for much less time.

Table 9
Regression Analysis on
Individual Sentence Reading Times
(N = 21,449, R2 = .40

Variaole Final Final F
Coeff. Std. Coeff.

CONSTANT -.557

WORDS .069 .188 122%.60
SMEAN .844 .316 3508.06
MASTRL ~.267 -.153 655.46
NEW .723 .188 798.56
RELTRL -.182 -.132 224 .06
BEFMAS - 739 .210 599.37

BMNEW 1.247 .208 831.06
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CONCLUSIONS

A basic conclusion is +that production rules, as a way to
rzpresent procedural knowledge, can provide a detailed account
of important learning processes. This supports the approach
suggested by Kieras and Polson (in press) who suggest that the
production-rule theory of skill acquisition is useful for
practical applications. That there are other phenomena involved,
such as the "overload" described above, 1is clarified by the
production system analysis as well.

These results present a puzzle for +the theory of skill

acquisition as formulated by Anderson (1982). The transfer
process defined here has many similarities to some of Anderson's
compilation and tuning processes. However, his processes

are defined in terms of operations on procedural representations.
These are constructed as a by-product of the activity of general
interpretive procedures that are driven by an initial declarative
encoding. Ilowever, in these results, rules are Dbeing compared,
nodified, and constructed very rapidly, and apparently before
they exist in a procedural form. As TFigure 5 shows, a
Zeneralization process can apparently occur on the first reading,
and is almost as fast as recognizing an identical rule. Although
there is no rigorous basis at this time for saying so, it seems
that these aspects of the results are not reasonably subsumed
under Anderson's compilation and tuning processes.

Instead, perhaps the work of relating new and o0ld rules
is done by processes similar to those proposed for
macroprocessing in comprehension (e.g., Kieras, 1982), which
can compa-e, modify, and construct complex propositional
representations while reading is going on. Thus, gubjects
translate the instruction sentence into a declarative
representation of a complete production rule, which can then be
related %o other such representations. If an identical
representation already exists, it can be re-used, as appears to
be possible in other types of text (see Johnson & Kieras, 1983).
Similar to Anderson's proposals, this declarative representation
would be interpreted by a general procedure for following
inatructions, and the procedural form of the rules would
eventually be formed by the compilation and tuning processes.
However, correct execution of the procedure would begin when the
declarative rule set has been successfully constructed, and the
time required to do so would depend on how much use could be made
nf previously 1learned rule representations. Thus, when
procedures are acquired from text, comprehension-like processes
can play a major role early in learning, leaving the compilation
and tuning processes to govern learning once the initial
declarative form of the rules is in place.
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3an Diego, LA 921352

Tode N"
Atti: Arthur S, Blalwes
haval Tra. 1, Eau psent Center
n Vomman :t -n
a3 ey L Ja
Dr.oRichara #reby
i Et
sip Teiitonzolazsest Zenter
Fige T_oToae
Dr, o Fzhecl freau

‘:""",_C I'C':\
{ode %-.35F
drlards, FL 328:7
br, Richard Cantone

Navy Rezearcn L:aoretory
Code 7543

seshirgsz, OO 2000

b
qc:irt tarrail
NAVOP i

¥ash, |"“"" RGO I

Lr. Fred lhang
Navy Persocorel SUD enter
Sar. Jiegc, (4 92152

Or. Susan Chipaan

fode 4¢2°1

C#sice cf Naval Research
800 X. Quincy St.
fArlington, YA 22217

Dr. Stanley Collyer
Oftice of Naval Technology
800 N. Quincy Street
Arlington, VA 22217

N

Tl Ty wewy

Fage !

Navy

—

COR Mike Curran

Office of Naval Research
800 N. Quincy St.

Code 270

Arlingtan, VA 22217

Dr. Charles E. Davis

Perscnnei and Training Research
Office of Naval Research !‘Loce 452P7)
800 North Quincy Street

Arlington, VA 22217

—

—

Edward £. Eddowes
CNATRA N301

Naval Air Station
Corpus Christi, TX 78419

Dr. Marshali J. Fare
2520 North Verrco Street
Arlington, VA 22207

bl

t Dr
H:

. oude Frapklin
Zode 7510

Navy Research Late atory
dashington, 0C 20378

Dr. Jia Hollan

Code 3!

Navy Personnel R & D Center
San Diego, CA 92152

-

Dr. Ed Hutchins
Navy Percanrel R¥D Cester
San Diegs, £A 92152

-

Dr. Noraar J. Kerr

Chief of Naval Educaticr and Training
Code 0CA2

Naval Air Station

Fensacala, Fo 32308

-

—

Dr. Peter Kincaid
Traiming Analysis & Evaluation Group
Dept. of the Navy
Orlando, FL 32813

—

Dr, Wiiliam L. Maloy (D2)

Chief of Naval Educaticn and Training
Naval Air Station

Pensacola, FL 32508

-

Dr. Joe McLachlan
Navy Personnel RYD Center
San Diego, CA 921352
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Navy Navy )
1 Dr. Jases McMichael 1 Willias Rizzo 1
Navy PersonnelRiD Center Code 712 NTEC %
San Diego, CA 92152 Orlando, FL 32813 4
{ Or. Al Meyrowitz { Dr. Paul B. Schreck !
D4fice ¢ Naval Research Dffice of Naval Research
Code 433 Code 477
800 N. Quincy 800 N. Buincy
Arlington, YA 22217 Arlington, VA 22217
i Or Willias Montague i Dr. Michael §, Shafto
NPRDC Lode i3 ONR Code 442F7
%an Diego, CA 92132 800 N, Quincy Street

Arlington, YA 22217

Technical Director

-

Navy Personnel R&D Center § Br. Alired F. Sacde
San Disgo, CR 92152 Senior 5zientist ;
Code TE K
Y Qdbice o Naval Research Naval Training Eguipaent Center .
Sode 477 Oriarde, o I787 ;
204 N, Zusroy SStreet
driingter, V3 22247
* Peyihoizsicai Sciences Division {
Sode 447 Y
Héice o6 Na.3! Reszarch : 3
Arlington, VA 22217 Na.y Perscanel RED Centsr P
San Disgo, A 7252
L irector \
£ngineering Fsyzhology Proarae t Dr. Martin A Toicoott ‘
lede &2EF Leader, Psvchologrcsl Scredzes Divisien \
3441ze 0f Naval Research Jftice of Naval Rasesrch )
300 N, Sulfcy Sireet BCA N, Guincy St. p
Arlirgten, YA 2221 Ariinsgon, ¥R 22217
1 Zrganizational Effectiveness { Dr, Janes Tweeddale ;
Research Program, Code 4:20E Technicai directer
Téb1ze of Naval Research Navy Fersonnel il Lenter
triington. VA 22217 San Diego. LA 32!32
i feychoicgist | Roger Weissinger-Baylon R
ONR Brarch Ofé:ce Departsent of Adainistrative Sciences .
- 1020 East Green Street Naval Postgraduate School )
[ Pasadera, A 91101 Monterey, CA 93940 X
-
i! ¢ L7 Frank O, Pethc, NSC, USN (Ph.D) i Dr. Douglas Wetzel
CNET (N-432 Code 17
NAS Navy Perconnel RiD Center
s Pensaccla, FL 32308 San Diego, CA 921352
te 1 Or. 611 Ricare { Dr, Wallace Wulfeck, II!
; Cade N1} Navy Personnel RUD Center
S NTEC San Diego, CA 92152 ;
> Orianda, FL 32813 ‘
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Navy Arny
! Br. Staven lornetzer 1 Technical Director
Associate Director for Life Sciences U. S. Aray Research Institute for the
Oftice of Naval Research Dehaviora) and Social Sciences
800 N. Quincy St. 3001 Eisenhower Avense
Arlington, VA 22217 Rlexandria, VA 22333
’ Y Br. Beatrice J. Farr

J. 5. Arsy Research [nstitute
5001 Eisenhower Avenue
Alexandria, VA 22333

1 Dr. Milton 5. Xatz ¢
U.S. Aray Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333 :

—

Or. Harold F, C'Neil, Jr.
Mrectcr, Jraining Rasearch Lab
Arny Research Institute

500: Eisenhower Avenue
Blexandria, VA 22373

Coasander, YU.5. Arav Research Institute
tor the Behavipral % Sccial Sciences

ATIND PERI-BR {Dr. Judith Orasanu)

G601 Eisenhower Avenie

Aleiandria, VA 22333

[

Joseph Psotka, Ph.D,
ATTN: PERI-IC

arky Research institute
3501 Bisenhower Ave.
Rlexandria, VA 22333

! Or. Robert Sasacr
U. S. Arny Research Institute for the
Schavicral and Social Stiences
361 Eisenhower Avenue
Glevandria, YA 22333

DR, ROBERT J. SEIDEL
US Arey Research Institute
3091 Eisenhower Ave.
Alexandria, VA 22333

—

or. ita M, Simutis

Chief, Instructional Technology
Systeas Area

ARl

5001 Eisenhower Avenue

Alexandria, VA 22333
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Air Forca

U.S. Air Force O¢fice of Sciantific
Research

Li¢e Sciences Directorate, NL

Baliing Air Force Base

Nashington, DC 20332

1 AYY . e
Br, Earl A, Sllassi

H3, AFHRL {AFS0)
Brooks AFD, TX 78235

! Bryan Daliman

AFHAL/LRT
Lowry AFE, CD BG230

Dr. Jeha Tangney
AFOSR/NL

Boiliny &FR, DC 20272
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Daparteent of Defense

1 Dr. Craig 1. Fields
Advanced Research Projects Agency
1400 Wilson Blvd.
Arlington, VA 22209

—

Nilitary Resistant for Training and
Personnel Technology

Office cf the Under Secrstary of Defens
for Research & Engineering

Roos 3[129, The Pentagon

Hashingten, DC 20303

—e

Bajor Jack Thorpe
DARPA

1400 Wilson Blvd.
frlington, YA 22209

Dr. Robert A. Wisher

U.S. Arsy Institute for the
dehavioral and Social Sciences
2001 Eisenhower Avenue

s VA 2233

—
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Civilian Agencies

Dr. Patricia A. Butler
NIE-BAN Bldg, Stop 87
1200 19th St., NW
Washington, DC 20208

Nr. Jin larey

Coast Guard §-FTE
2100 Secand St., S.N.
Hashington, DC 20593

Edward Esty

Departaent of Education, CERI
NS 40

1200 19th St,, Nl

¥ashington, DT 20208

Le, Grihur Mplaad

T4 Frown

Uo S, Dept, of Bducation
®ashington, DT 20208

(RN ST
[

EEE

National Institutz af Education
1200 18y S, Nk

Aashingtan, B0 20248

Y 3r. Sylvia A0 5. Shafto

Nationel lastitute of Cducetion

120G 1958 Strest

Or. Frederick Steinheiser
C14-0RE

5{2 Aaes

Washington, O3 295035

Dr. Frank Mithrow

U. S. O¢fice of Education
400 Maryiand Ave. SN
#ashington, DL 20202
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Civilian Agenties

1 Dr. Joseph L. Young, Director
Wesory & Cegnitive Processes
Mationa) Science Foundation
Nashington, DC 20550
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Private Sector

1 Dr. John R. Anderson
Departaent of Psychology
Carnegie-Nellon University

—

Private Sector

Dr. Pat Carpenter
Departaent of Psychology
Carnegie-Mellon Unjversity

Piztsburgh, PA 15213 Pittsburgh, PA 15213

1 Patricia Baggett
Jenartmext of Psychelogy
University ot Colorado
Boulder, €O 82309

-—

Dr. Davida Charney
Departaent of Psvchology
Carnegie-feicn Umversity
Sthneley Park
Pittshurgn, PA 152i3
{ Eva L. Raxer
. Director
UCLA Center for the Study of Evaluation
145 Moore Hall
University of California, Los Angeles
Los Argeles, A 90024

—

Eugene Charn:ak

Departaent cf Cosputer Stience
Brown University

Providence, RI 62912

{ Dr. Micheiine Chi
1 Wr. Avron Barr Learning R ¥ D Center
Departeent of Computer Science University of Pittsburgh
Stanford Uriversity 3979 G'Mara Street
Itandorg, C4 9305 Pittghyrgn, *& (327

. r A\ .t ..
oLy i rlalt

-

Dr, Wilizap Ciangay

1aie ooy.emsity Departrent of lamputer 3iience b

#nx iR, vale Statica Stanford University

Nee Hz.em, (7 04529 Stanfora, T3 410

Soraon ®, Bower Br, Yichae: Cole

Dezarieent 34 Psychology University of lalifornia

Starfgeg University at San Diegd

Shaneprd, LA 306 Labpratory of Comperative
Hupan Cc;nx ien - DO

. Er3an La Jalla, Tr 32087 b

e

Cdr, Josn 3

3 AltC Research Certer

N {ERDY ©3!

o 1733 Ceyste Kead { D, Altan M. Collune

4 Falo dita, T3 3574 Bolt Beraney % Nesdan, InC.

t SO Poulton Street .

r. tienn Bryan
4208 Foe Road
athesda, "D 20817 Lee Cronhach

. 16 Laburnua Road
Dr. Pryce Buchanan Atherton, CA 94205
Departsent of Computer Science

Stanford University

-

Canbridge, WA 02128 )

a8
.-

el
l.l‘l'

Dr. Thosas M. Dufty

-

P Stanfora, CA 94305 Departaent of English
L Carnegie-Mellon University
> : Dr, Jaise Carbonell Schenley Park
. Carnegie-Mellon University Pittsburgh, CA 15213
= Departaent of Psychology
i: Pittsburgh, PA 15213 1 Dr. Anders Ericsson

g Departaent of Psychology
.- University of Colorado
- Boulder, (O 80309
=)
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Private Sector

—

Dr. Paul Feltovich

Departaent of Medical Education
Southern [llinois University
School of Medicine

p.0. Box 392%

Springfield, IL 62708

—

Nr. ¥ailace Feurzeig

Departaent of Educational Techao!ogy
Bo.t Beranek % Newaan

10 Moulton St.

Laabridge, MA 02238

-

Dr. Dexter Fletcher

University of Oregon
Departeent of Cosputer Stience
Fugena, IR 97403

p——

Dr. John R. Frederikser
831t Beranek & Nowaan

$i Moulten Street
Lzabridge, MA 02!7S

¢ or. A, Eceard Se.selnen
Dapartaert of Psychology
uriversity cf California
Los Angeles, CA 9C024

—

Or. Michael benesareth
Department of Computer Science
Stanford Lniversity

Stanford, CA 54305

dr. Dedre bentner
uriversity of Illinois
ceparteent of Psychology
urbana S

Ir, Fobert Blaser

Learning Resarch ¥ Develcpaent Conter
University of Pittshurgh

7939 G'Mara Street

- PITTSBURGH, FA 15260

t el ry oy
r e v e T Ty "
. P e

Dr. Marvin D. Glock
217 Stone Mall
Cornell University
Tthaca, NY 1485

-—

Dr. Josph Boguen
SRI International
133 Ravenswood Averue
Menlo Park, CA 94025
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Private Sector

1 Dr. Bert Green
Johns Hopkins University
Departaent of Psychology
Charles & J4th Strest
Baltisore, MD 21218

—

Or. Jaaes 6. Greeno
University of California, Berkeley
Departsent o+ Eduration

Berkeley , (A

—

Dr. Henry M. Haltf

Half# Respurces

4918 22rd Road, North ’
Arlington, VA 22207

Dr. ®2id Hastie

Depariment of Psychology

Nortnwestern University

Evargron, I &G200 ¢

3 Gr. Zirsara Gayas-fotr
Depgronent of CoBpater Science
stanfard University
Stanéorg, L& 93335

r. Joar 1. Heller

ragizte Sroup in Science and
Mat=enatics Educaticn

cfe Scnppd of Edutation

dnlvsrs1:e =4 Calidornia

5 94720

n
[
Gr
©

—

Relisea kallang

kasrican Snstitutes for Research
1655 Thomas Jetferson St., N.W.
Washington, 0T 20007 !

—

Or. Eari Hent

Dept, of Psycholegy
Univers:ty cf Washingion
Seattls, WA 98103

Dr. Yarcel Just '
Departaent ¢f Psychology

Carnegie-"ellon University

Pittsburgh, PA 15213 .

—
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Private Sector

1 Or. David Kieras
Progras :n Technical Comsunication
College of Engineering
1223 E. Engineering Building
University of Michigan
fnn Arbor, MI 48109

Br, walter wintsch
Sapartaent of Peychology
University of Colorade
Foulder, CO 80742

r—

Dr. Janet L. Kolecner
Georgia institute of Technology
School of Inforsation &%

—

—

Private Sector

Dr. Michael Levine

Department of Educational Psychology
210 Education Bldg.

University of 1llinois

Chaspaign, IL 61801

Dr. Parcia L. Limn
Lawrence Hall of Science
University of California
Berkeley, CA 94720

Dr. Don Lyon
P, 0. Box 44
Higley , Al BE23b

Computer Science 1 Dr. Jay Mcllelland j
Atianta, G4 70112 Departwent of Psychology !
MiT
t Dr. Stechen kossiye Casbridge, M 02139
$278 Wiliran Jaees Hall
ey .

University of California
at San Diego

Laboratory fof Comparative
Human Cognition - DOOJA
La Jolla, CA 92093

-

-

Or, kzthlzan McKeoun

Toluabia University

Departrent ¢+ Cosputer Sciznce
New Yori, WY 19027

Dr. Marp tiller

Computer ¢7hought Corporation
1721 #ect Flano Farkway
Piano, TX 75075

B ARV
Pepartmant o4 T3 It i Jr, Aller Hunre
Cercegiz fallon Loaversity Setaviora: Technology Laboretories
Pretzaersh, PR LENT 1825 Elera Ave., Fcurth Floor
Redendo Beach, CA 90277
LTouglaz Letat
- Campater 2zvance Departaent i r. Conalg & Ncrean
- Standers Lriversity Tegnitive Science, C-015
- Stanford, 1A 4:30h Yniv. 0f California, San D:ego
p_ Ls Jeila, Ch 92093
r’ ! Dr. Alan Lesgeld
b Learaing F&D Center ! Dr. Jesse Drlansky
E-* Sniversity of Fittsturch Institute for Defense Analyses
{~I 7979 ['Har3 Sireet 1801 N. Beauregard 5t.
F‘T Pittshargh, FA 13260 flexandria, VA 22311
@ . .
. 1 Dr. Jim Levin } Dr. Nancy Pannington

University of Chicago
Graduate School of Business
1101 E. S8th St.

Chicago, IL 60637

e ;ﬁiﬁkﬂﬁuxkézann"""}'

e - -
ORISR TRA Y



s o8

.,.-.-

. & ‘. ...'4.\' s

OPEFATING DEVICES
Private Sector

1 Or. Tjeerd Fioap
Twente University of Yechnology
Dept. of Education
7500 AE ENSTHEDE
P.D. Box 2V7
THE NETHERLANDS

—

Dr. Stevdr £, Faltroch
NeT

9470 Research Blva,
Echelon Bldg #1

Hustin . TYoTRTSY

r. Lynne Reder
arteent of Psychology
rneqie-fellon Umysersity

10
Tl

L

M (‘! vy oy

Mary I, Filgy

Progras in (agritive Science

Center #or Human Inforaatisa Frecessing
Untvarsity of Calitoraia, San Diego

La Iatia, 08 92057

dr. Anirew B, Rpse

raeritan nstitutes éor Research
1055 Thomas Jefferson St, MW
washington, OC 20007

-.u 'b"\ -.N,

1

—

.

—

—

—

—

fage 9
Private Sector

Or. Ernst . Rothkopf
Bell Laboratories
Burray Hill, NJ 07974

Dr. Willias B. Rouse

Georgia Institute of Technology

School of Industrial & Svstess
Engireering

Atlante, 8f 30332

Dr. David Rumelhert

Center fcr Humen Inforaation Frecessing
Univ. of Lalifornia, San Diego

La Jolla, CA 92093

Br. Michael J. Samet
Perceptronics, int

4271 Varie] hienie
Woodlant Hilie, 18 %iled

r. Roger ohes
Yale Jnlverelly

Geaartront oo {oasltac Siisnis
€

P.G. B+ 115E
v rieA

N2 Baven, T ORI

” AY . LAl T -
or. &lan Sonpendeld

drivsrsity oF Taltfornna, Barkals,
fepartment of fguctstion
Berisley . A

“unpouer Research and Aovisary Services
Szithsonian Imstituticn

50! Nerth Pitt Street

Alerandria, ¥a 217!

Br. Edward £ 3mith

Bolt Beranek & Newmar, Inc.
30 Youlton Street

Candbridge, N4 02138

or. Elictt Solomay

Yale Bmiversity

Departrent of [osputer Scisnce
F.0. Box 2138

New Haver, CT 0652

Dr. Kathryn T, Spoehr
Psychology Departaent
Brown University

Providence, Rl 02912
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> Private Sector Private Sector ;
23 1 Jases J. Staszewsii 1 Dr. Keith T. Wescourt :
) Research Associate FMC Corporation .
B Larnegie-Mellon University Central Engineering Labs .
Departaent of Psychology 1185 Cclenan Ave., Bax 380 '
i Pittsburgh, PA 15213 Santa Clara, CA 93052 ;
) £ 0r. Rehert Sternderg ! Dr. Mike dilliass ?
£, sept. of Fsycholegy Intellibenet:cs 2
' Yale umversity 124 Univers:iy Avenue ]
hox {18, Yale Station Palo Alto, CA 94301 |
. New Haven, (T 04520 )
. iR, Carl York p
9 * ! Dr. Albert Stevens Systea Developsent Foundation ®
‘ Rpit Beranek & Newman, Inc, 1B! Lytton Avenue, Suite 210 g
i ‘0 Noultan St. Palg Alte, CA 94301 p
Camdridge, MA 02272 l
% ' Dr. David Stane .
- KAC 5oitware, Inc. ¥
X 3420 East Shes Elve, 7
- Suite 14! p
) Phegpix, &1 GSN0E
[ {
. D 0R, PATRICK SURSE3 1
S INSTITETE FOR ®ATHEMATICAL STUDIES N Y
. THE SOTI8L SCIENCES i
: ITANFORD UNIVERSITY ’ :
, STANFORS, CA 94705
-
.
S ior. Ferry N, Thoredyte
: w0 Zoerzraticn
N Zentral Znginesring Lais
y 1189 {2lagar Avanue, Box 32
! Senta Tlera, LB 33052
j o Tr. Dou3laz Towne
. Sy, 3t 50, lalitorrre
; Zenaviore Techaziof Lads
(84T 3, Elena Ave,
¢ Sedarndc Beach, Ca 70277
2T *Br. durt Van Letn
X terox PARC
- . 3337 Coyote Hili Fead
2 ©alo Altc, (A 94364
l .
. . i Bezh Warren
N Boit eranek & Newaan, IncC.
. S0 Noolton Street
N Caabridge, WA 02138
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